Previous studies by us and by others have shown that the body weight of rats fed a zinc-deficient diet is significantly lower than that of pair fed controls, but marked hyperplasia and parakeratosis are seen intra-orally in the buccal epithelium. No histologie changes occur in palatal epithelium. This investigation was undertaken to assay lactate dehydrogenase (LDH) activity in the buccal and palatal epithelium in rats fed a zinc-deficient diet. Weanling male Simonsen rats were fed a diet contain ing 1.2 ppm zinc for a 30-day period. Pair fed controls were fed the same diet containing 40 ppm zinc. LDH levels were determined by ultramicrochemical assay. In the buccal epithelium, a more than twofold increase over that of controls was observed in zinc-deficient rats, but there was no change in the palatal epithelium. These results support the conclusion of others of an organ-specific sensitivity of LDH to zinc deprivation. No in creases in LDH activity in zinc-deficient rats, as observed in the hyperplastic buccal epithelium in this study, have previously been reported.
A dietary deficiency of zinc has been ent study on oral epithelia of rats was shown to cause a slowing of growth result-carried out to examine the effect of a diing in smaller body weight and smaller size etary deficiency of zinc on the activity of of most organs in young pigs (1) (2) (3) , calves lactate dehydrogenase. (4, 5) , lambs (6) , and other domestic species (7) as well as in laboratory animals MATERIALSAND METHODS (8) (9) (10) (11) . The retarded growth is accomMale rats of the Simonsen strain 2 were panied in most organs by decreases in the used. At the start of the experiment, which synthesis of DNA (12) (13) (14) and RNA ( 12, lasted for 30 days, the rats were 21 days old 14) and in the activity of many zinc-de-and weighed an average of 53 Â±1.36 pendent enzymes (3, (15) (16) (17) (18) . Lactate de-(SEM) g. They were fed a purified pelleted hydrogenase (LDH; EC 1.1.1.27) is one diet3 (table 1) in which the concentration of the enzymes that is often found to be of zinc was assayed * at 1.2 ppm. Control reduced in activity (14, (18) (19) (20) .
rats of the same age and of matched body Although most organs respond to a dietary deficiency of zinc by retarded growth, Received for publicationAugust12, 1976. weight (53 Â±1.32 g) were pair fed with the same diet except that zinc carbonate was added to a final zinc concentration of 40 ppm. Except for ad libitum feeding on the first day, each rat in the control group received the amount of food consumed by its partner in the preceding 24-hour period. The rats were provided with double-dis tilled water from glass bottles with stain less steel nozzles and were housed singly in stainless steel cages. At the end of the experiment, the rats were killed by a blow to the head. Speci mens of buccal mucosa and the mucosa of the hard palate in the region of the molar teeth were quickly dissected free and frozen in liquid nitrogen in preparation for microdissection and ultramicrochemical analysis (22, 23) . The advantage of this technique is that it permits the assay of isolated histologie layers. For the present study, cellular and keratin layers were iso lated in buccal and palatal epithelium. Seven samples were assayed per layer in each region in each rat except for the cheek of zinc-deficient ones, where a mini mum of 14 was used. The standard error of the mean LDH activity per layer did not exceed 10% in any rat. The individual samples weighed 25 to 150 ng.
Details of the LDH assay method may be found in Bonting et al. (24) .5 Fluores cence of NAD was read in a fluorometer8 against quinine working standards. The amount of NAD formed was linear with time during the incubation periods used, and its net fluorescence was proportional to its concentration.
The significance of the differences in activity between groups was evaluated through the use of Student's f-test (25) .
RESULTS
The average weight of the zinc-deficient rats at killing was 83 Â±4.48 g, and that of the controls was 128 Â±7.58 g. The buccal epithelium of all zinc-deficient rats was thickened, and the increase in thickness was most marked in the stratum corneum. In addition, it had changed from orthokeratinization to parakeratinization ( fig. 1 ). This change was limited to, or more ac centuated in, the stratum corneum over lying epithelial ridges. Samples for assay were taken only from these regions. The palatal epithelium in the zinc-deficient rats was often thinner than in their pair fed partners, but it was never thicker. Also, a change to parakeratosis was never observed ( fig.l) .
Lactate dehydrogenase activity in the cellular layers and stratum corneum of buccal epithelium was in every instance considerably higher in the zinc-deficient rat than in its pair fed partner. In palatal epi thelium the differences between the pairs of rats were small and inconsistent. A sum mary of the results is shown in table 2. In the buccal epithelium there was, on the average, a more than twofold increase in activity in the cellular layers and a more than fivefold increase in the stratum cor neum. In the palatal epithelium, there was no significant change in activity in either layer. The addition of zinc acetate to the reaction mixture at a final zinc concentra-*The assay reaction mixture prior to incubation was composed of 0.2 M phosphate buffer, 1.25 or 2.50 HIMsodium pyruvate, 1.25 mil NADH, 25 mM nicotinamide, and 0.05% beef serum albumin. The con centration of pyruvate was 1.25 mM for control cheek epithelium and 2.50 mM for all other tissues. Phos phate buffer was diluted approximately 10% by the addition of the other components. The pH prior to incubation was 7.3 for control cheek ; for all other tissues it was 7.1. The concentrations of pyruvate and NADH, as well as the pH, were optimal for the tissues assayed as determined by us.
â€¢ Model A, Farrand Optical Co., Mount Vernon New York. tion of 1 X IO"8 M caused no change in activity in either region in both controls and zinc-deficient rats.
DISCUSSION
The effect of the zinc-deficient diet on body weight in this series of rats (a 57% gain as compared to 141% in control rats) was similar to that noted by other authors and very much like that noted in those of our previous series which were carried out under nearly identical conditions (26, 27) .
The increase in LDH activity that we are reporting is in sharp contrast to all Srevious studies on this enzyme in zinceficient rats, which have shown either a decrease or no change. Huber and Gershoff (19) found reduced activity in skeletal muscle and heart. Kidney activity is also reduced according to them, but Prasad and Oberleas (18) found no change. Im et al. (20) , who also used the ultramicrochemical technique, reported a decrease in atrophie dorsal epidermis. Huber and Gershoff (19) found no change in lung, pancreas, duodenum or stomach, and Prasad and Oberleas (18) found no change in testis, bone and thymus. Activity in the liver was found unchanged in several studies (14, 28, 29) . These previously re ported findings led to the conclusion that in the rat there is an organ-specific sensi tivity to zinc deprivation, and our finding of unaltered (palate) and increased (cheek) levels of activity support the con clusion. Whether unaltered or increased activity of LDH in some tissues is due to the fact that it is zinc-independent or to selective sequestration of zinc as, e.g., re ported in mast cells (30) , remains an open question.
In the present control rats at 7 weeks of age, lactate dehydrogenase activity levels in the cellular layers of the epithelium were 610.9 /imoles/g/minute in the cheek and 719.8 in the palate (table 2) . In a previous study, values for adult male rats of the same strain were 559 for the cheek and 548 for the palate (31) . The lower activities in the adult rats may be due to the age difference, but the values are close enough to support the validity of the tech nique.
The responses of buccal and palatal epi thelium noted in the present study have been as similar to those of previous series in this laboratory as were the effects on body weight described above. A change from ortho-to parakeratinizarion, thicken ing of the cellular layer and greater thick ening of the stratum corneum occur with out rail in the buccal mucosa, while the palatal mucosa remains unaltered or atro phies somewhat (26, (32) (33) (34) (35) . Hyperplastic and hypertrophie changes also occur in all other regions of oral epithelium which dif ferentiate according to the pattern seen in buccal mucosa, i.e., in epithelium with sparse, large keratohyalin granules, hap hazardly dispersed tonofilaments, and a loose stratum corneum. Such changes were in fact noted in the esophagus and circum scribed regions of oral mucosa in one of the earliest studies of zinc deficiency in the rat (8) . These changes in rat buccal epi thelium are associated with increased mitotic rates and increased size and dry weight of the cells estimated to represent a sixfold acceleration of synthetic activity (26, 34) . Similar changes, i.e., parakeratosis, thickening and increased mitotic rate, have been noted in "scaling lesions" in the skin of pigs (2, 14) .
These instances of increased epithelial activity in zinc deficiency occur in the face of marked slowing of body growth includ ing a smaller size of most organs, de creased synthesis of DNA and RNA, and reduced activities of many enzymes. It has not been appreciated that the contrary responses to dietary zinc deficiency in some regions of oral epithelium and skin take the opposite direction from that in the bulk of the animal, i.e., that they repre sent increased anabolic activity in contrast to the predominant effect of zinc deficiency, which is manifested by the retardation of growth. While the inhibitory effect has been studied extensively, no metabolic studies on the stimulatory effect (other than ours) have been made.
In an effort to understand the change from ortho-to parakeratinizarion, we had previously investigated acid phosphatase activity in the hypertrophie buccal epi thelium of zinc-deficient rats and found a 70% increase in spite of evidence for de creased lysis in vivo (see below and 27). The increase in acid phosphatase activity and our current finding of a 100% in crease in LDH activity show that the in crease in anabolic activity is associated with increased activity of enzymes. As suming that the increase in dry weight per volume reported by Meyer and Alvares ( 26 ) is due chiefly to proteins, the increase in anaerobic energy conversion, as mea sured by LDH activity, could well have provided the necessary energy.
Residual enzyme activities in the stratum corneum obviously depend on how com plete has been the action of lytic enzymes by the time the cells leave the stratum granulosum. In controls, this was more complete in the palate than in the cheek (residual activity in palate was 19% of activity in cellular layer; in cheek, 36%). This agrees with previous observations on normal rats comparing LDH in the two regions (11% vs. 34%; 31). Whereas, in the palate of the zinc-deficient rats, residual activity was virtually the same as in the controls ( 20% ), in the cheek, activity in the stratum corneum was 97% of that in the cellular layer. Light microscopy of the cheek of zinc-deficient rats shows sharp histologie differences at the boundary be tween the cellular layer and the stratum corneum (fig. 1) ; electron microscopy shows the same internal thickening of the plasma membrane in the deepest cells of the stratum corneum which characterizes this boundary in control rats (33) . Chen et al. (35) however have shown that to gether with the preservation of pyknotic nuclei there is preservation and only gradual and incomplete lysis of cell organelles. The present findings suggest a virtual failure of the proteolytic enzyme activity, if LDH is assumed to be repre sentative of cellular proteins.
